Introduction: Hypertension (HT) can be the cause or consequence of chronic kidney disease. Its management often requires a multiple therapy due to its severity. Objective: To describe the profile of patients receiving a multiple antihypertensive therapy in nephrology practice. Materials and Methods: This was a prospective, descriptive study conducted in the department of Nephrology, Yopougon Teaching Hospital, from January 1 to October 31, 2016. We included all patients admitted to this department who had received at least three antihypertensive drugs. Results: Out of a total of 625 hypertensive patients admitted over the study period, we included 120 patients on multiple therapy, i.e. a 19% prevalence. HT was essential in 60% of cases, secondary to chronic glomerulonephritis (CGN) in 25%, to diabetes in 13.3% and to polycystic kidney disease (PKD) in 1.7%. The therapy consisted of the combination of 3 antihypertensive drugs in 36.7% of cases, 4 drugs in 49.2% and 5 drugs in 4.2%. The antihypertensive classes used were Calcium channel blockers (CCB) in 99.2% of cases, Diuretics (D) in 87.5%, Angiotensin Converting Enzyme Inhibitors (ACEI) in 70%, Centrally acting medication (C) in 66.7%, Angiotensin Receptor Blockers (ARB) in 25.8% and Beta-blockers (β-) in 6.7%. The main combinations were CCB + D + ACEI + C in 34.2% of cases, CCB + D + ACEI in 23.3%, and CCB + D + ARB + C in 12.5%. The combinations of antihypertensive drugs varied according to the cause of HT with a non-significant difference. Patient outcome was characterized by normal blood pressure in 64.2% of cases and normal renal function in 13.3%. The mortality rate was 17.5%. In multivariate analysis, stage 5 renal disease (p = 0.001), hypertensive retinopathy (p = 0.04) and hemoglobin level < 8 g/dl (p = 0.039) were associated with mortality. Conclusion: Multiple antihypertensive therapy, which is common in nephrology, is related to the severity of HT and not to its cause. We still use centrally acting drugs in combination with the other recommended classes, so as to achieve the target blood pressure.
Introduction
Hypertension (HT) is the first chronic disease worldwide affecting approximately one billion people. Seven to eight million deaths were related to HT in 2011 globally [1] . The kidneys constitute, besides the heart and brain, one of the target organs of untreated or insufficiently treated hypertension.
The issue of hypertension in nephrology is fundamental. Indeed, it is one of the main reasons for dialysis worldwide. In the West, it is the second leading cause of chronic end-stage renal disease (ESRD) after diabetes. Thus, in the French REIN 2012 registry, the proportion of ESRD related to HT was 25.1% [2] . In Africa, HT is known to be the leading cause of ESRD especially in sub-Saharan Africa. In Côte d'Ivoire, HT is the major risk factor for chronic end-stage renal disease [3] .
Renal diseases themselves can cause hypertension. In this case, the latter is a sign of these renal diseases. This is actually a vicious circle in which hypertension and renal disease negatively interact [4] . Finally, in our context, the hydrosodic overload due to insufficient dialysis, often due to the dialysis strategy of two sessions per week in most patients, may contribute to the occurrence or aggravation of hypertension in chronic dialysis patients. HT in nephrology can thus be either the cause of chronic kidney disease, the consequence of that one, or a factor for progression to chronic ESRD. Its management often requires a multiple therapy due to its severity. But we do not know if patients with secondary HT require more antihypertensive drugs than patients with essential HT to control their blood pressure. Our study aims to describe the profile of patients on multiple antihypertensive therapy in nephrology practice.
Methods

Study Type and Population
This is a prospective, descriptive study conducted in the Department of Nephrology, Yopougon Teaching Hospital, from January 1 to October 31, 2016. Any patient aged 18 or older, receiving a once-daily combination of at least three antihypertensive drugs and admitted to this department, was included. Patients who were treated with one or two drugs, on dialysis prior to admission or with incomplete follow-up were not included.
Variables
For each patient included, the following data were collected using a standardized form: socio-demographic data (age, gender, occupation, marital status and education level), anamnestic data (the concepts of edema, hypertension, diabetes, chronic kidney disease, tobacco, alcohol consumption, inherited disease and past medical history), clinical data (reason for admission, blood pressure upon admission, weight, height, presence of lower-limb edema, acute pulmonary edema, state of consciousness, hydration status, diuresis, fundoscopic examination and urine strip test), laboratory data (serum creatinine, plasma urea, calcium, phosphoremia, 24-hour urine protein, hemoglobin, mean corpuscular volume, platelet count and cytobacteriological examination of urine), imaging data (teleheart, renal ultrasound and electrocardiogram), treatment data (antihypertensive therapy: class, molecule, combinations, and hemodialysis), and evolutionary data (control of BP, renal disease stage, chronic dialysis, and death).
Each included patient benefited from a six-month clinical and biological follow-up upon admission, at day 15, month (M)1, M2, M3 and M6. The primary endpoint was death and the secondary endpoints were blood pressure at 6 months and the development of renal function.
Operational Definitions
Blood pressure was measured and classified as per World Health Organization (WHO) guidelines [5] , using a digital sphygmomanometer on the right arm of seated participant after at least five minutes of rest. Hypertension was defined as systolic blood pressure ≥140 mmHg and/or diastolic blood pressure ≥90 mmHg or lower than 140/90 mmHg in patients on antihypertensive therapy [6] .
Diabetes is defined as fasting blood glucose higher than 1.26 g/l or normal blood glucose in any participant on anti-diabetic therapy [7] .
The effects of hypertension on the heart were assessed by electrocardiography (ECG) detection of left ventricular hypertrophy (LVH). The ocular effects of hypertension and its severity were assessed using the fundoscopic examination.
The KIRKENDALL classification was used for hypertensive retinopathy stages.
Renal function was assessed using the MDRD equation. Renal failure was defined as a glomerular filtration rate (GFR) below 60 ml/min for 1.73 m 2 and classified according to the KDOQI guidelines [8] . The chronic stage was confirmed in case of renal disease that had been persistent for more than 3 months and/or associated hypocalcemia and/or normochromic normocytic anemia.
The etiological investigation of hypertension was based on clinical and paraclinical arguments. Thus, glomerulonephritis was diagnosed in the presence of proteinuria greater than or equal to 1.5 g/24hrs or proteinuria associated with hematuria [9] . Hypertension occurring after type 2 diabetes, without positive albuminuria test, was confirmed as being secondary to diabetes [10] . Polycystic kidney disease was diagnosed in the presence of multiple renal cysts with enlarged kidneys [11] .
Anemia was confirmed in any patient with a hemoglobin level below 12 g/dl, and considered severe when hemoglobin level was below 8 g/dl. No patient had a kidney biopsy.
Any patient receiving at least three antihypertensive drugs was considered on analysis. Cox regression analysis was used to identify independent predictors of mortality. We also performed a logistic regression to identify factors associated with progression of renal disease. Measures of association were calculated using 95% confidence intervals. P < 0.05 defined the level of statistical significance.
Ethical Considerations
Prior to inclusion, all patients gave verbal and written consent to participate in this study. Anonymity and confidentiality of data collected were maintained by assigning an identification number to each patient's medical record.
Results
Over the study period, 120 cases of multiple antihypertensive therapy with a complete 6-month follow-up were included out of a total of 625 hypertensive patients, i.e. a 19% prevalence. The mean age was 45 ± 16 years with a range of 18 to 80 years. The proportion of subjects aged 65 or older was 11.1%. We observed a male predominance with a sex ratio of 1.45.
Patients were mostly unemployed (n = 45; 37.5%), traders (n = 25; 20.8%) and working in the field of agriculture (n = 17; 14.2%). 77.5% were known to be hypertensive before admission, with an average duration of HT progression being 6.35 ± 4 years (range of 6 months to 35 years). They were followed up by a general practitioner (31.7%), a registered nurse (15.8%), and a cardiologist (4.2%); 38.7% of them were not followed up. Prior to inclusion, the antihypertensive drugs used were Calcium channel blockers (CCB) in 37.5% of cases, Angiotensin-converting enzyme inhibitors (ACEI) in 17.4%, Diuretics (D) in 8.3%, and Centrally acting medication (C) in 5.8%, in combination or not ( Figure 1 ).
The main reasons for admission were lower limb edema (75.8%), headache (59.2%), and dyspnea (44.2%). In addition, almost all patients (96.7%) were Open Journal of Nephrology referred to the nephrology department for impaired renal function.
At baseline, 83.3% of cases had grade 3 HT, 13.3% had grade 2 HT and 1.6% had grade 1 HT. According to the Kirkendall classification, 44.2% of cases had stage 3 hypertensive retinopathy, 20% had stage 2 hypertensive retinopathy and 5% had stage 1 hypertensive retinopathy. Left ventricular hypertrophy (LVH) was reported in 83.3% of cases (Table 1) .
Renal failure was chronic in 78.3% of cases. 50% had stage 5 renal failure, 26.7% had stage 4 renal failure, 20% had stage 3 renal failure, 0.8% had stage 2 renal failure and 0.8% had stage 1 renal failure. The hemoglobin level was lower than 12 g/dl in 78.3% of cases, of which 25% had lower than 8 g/dl (Table 1) .
With regards to the etiologies, HT was essential in 60% of cases, secondary to chronic glomerulonephritis (CGN) in 25%, to diabetes in 13.3% and to polycystic kidney disease (PKD) in 1.7% (Table 1) .
When comparing age groups, we observed that the proportion of known HT significantly increased with older age (p = 0.035). Conversely, the proportions of grade 3 HT (p = 0.009) and CGN (p = 0.0001) decreased with older age (Table   1 ). Patients not known to be hypertensive before the current episode were aged, on average, 37 ± 12 years versus 47 ± 14 years for known hypertensive patients (p = 0.001). The proportion of HT due to CGN was higher in this group with a significant difference [OR = 2.06; 95% CI = 1.08 -3.93; p = 0.03] ( Table 2 ). with a non-significant difference (Table 2) . However, three out of five patients receiving a five-drug combination presented with HT secondary to CGN. Patient outcome was characterized by normal blood pressure in 64.2% of cases, and persistent HT in 18.3% (including 13.3% with grade 1 and 5% with grade 2) ( Table 1 ). The drug combinations that made it possible to achieve the target blood pressure were CCB + D + ACEI + C (32.5%) and CCB + D + ACEI (24.7%) ( Table 3) . Renal function was normal in 13.3% of cases. 2.5% of cases had stage 5 renal disease, 10% had stage 4 renal disease, 32.5% had stage 3 renal disease, and 3.3% had stage 2 renal disease. Moreover, 19.2% of patients were on chronic dialysis (stage 5D) (Figure 2 
Discussion
Our study aims to describe the profile of patients receiving multiple antihypertensive therapy in our conditions of practice. To this end, patients were included Open Journal of Nephrology Retinopathy 0.37 ---during 10 months and each of them was followed up for 6 months. The limitations of the study are the small sample size and its monocentric nature. The 120 patients had complete data. This is sufficient for the overall analysis but insufficient for a more in-depth analysis of results. In spite of these limitations, the analysis yielded a few relevant results. calcium channel blockers are the most commonly used classes, followed by ACEI and ARB in varying proportions [18] [19] . In Wang study, diuretics were the most commonly used drugs [16] . This multiple therapy is performed due to the severity of hypertension. It is thus not related to the etiology of HT. The guidelines suggest that the combination of one calcium channel blocker, one angiotensin receptor blocker (ARB) and one diuretic is the preferred combination when a multiple therapy is required [1] . In our context, we sometimes had to go beyond what is recommended by adding other molecules such as a centrally acting antihypertensive agent and/or a beta-blocker in order to achieve the target blood pressure. We did not find any literature data on the relationship between the causes of HT and the combinations of antihypertensive drugs. In our study, over half of patients who received a combination of 5 antihypertensive drugs had an HT due to CGN. This non-significant difference could be related to the small number of patients in this group. A greater number would be useful in order to address this issue.
Mortality rate in our study is virtually identical to that found in other series [13] . Finally, the advanced stage of renal disease upon admission and failure to achieve the target blood pressure are factors for renal disease progression. This suggests a need for early consultation and a relatively rapid achievement of the target blood pressure to slow the progression of the disease. Conversely, retinopathy does not appear to be a factor for renal disease progression. However, hypertension has profound effects on various parts of the eye. Signs of hypertensive retinopathy are associated with other indicators of organic diseases (such as left ventricular hypertrophy and renal failure) and may be risk markers for future clinical events such as stroke, congestive heart failure and cardiovascular death [20] [21] . Furthermore, retinal microvascular abnormalities are associated with renal dysfunction, suggesting that common systemic microvascular processes may underlie the development of microvascular damages in the eyes and kidneys [22] . In the presence of chronic kidney disease, hypertensive retinopathy is a strong predictor of mortality [23] .
Cardiovascular disease (CVD) and chronic kidney disease (CKD) often coexist and are known to have a bidirectional effect on one another [24] . CKD is a risk factor for the development of cardiovascular disease. Moreover, in patients with CVD, CKD is associated with a significantly increased risk of cardiovascular mortality [25] . The high proportion of renal failure in our hypertensive patients could thus explain this high mortality rate.
Anemia, often encountered in people with chronic diseases, is an additional mediator in the progression of chronic diseases, and also an independent risk factor for cardiovascular complications and mortality [26] . The prevalence of anemia increases with the advanced stage of CKD, as well as the mineral and bone disorders which increase the cardiovascular risk. Chronic kidney disease leads to an increased risk of mortality, which increases additively in the presence of anemia [27] . These findings suggest that early diagnosis and primary care management may be worth carrying out in this high-risk group.
Conclusions
Multiple antihypertensive therapy, which is common in nephrology, is related to the severity of HT and not to its cause. It enabled the normalization of blood pressure and the improvement of renal function in the majority of cases. However, mortality remains high and the factors associated with death are end-stage renal disease, stage 3 retinopathy and the presence of severe anemia.
Multiple antihypertensive therapy may pose the problem of treatment adherence due to the large number of drugs to be taken and patients' low socioeconomic status. Therapeutic education and the actual implementation of health insurance could be the key to good adherence to treatment, so as to prevent complications of hypertension or to slow down its progression.
